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• 4. Special Considerations for High Perveance G~s 
. . . . -·· ' . . 
. 
. 
.. In- the c.ieaign of .11ig11 :Jf?~rY~ai!l~~- gµ:n.~-- E!Ol11~' _;$peeial __ : __ --~--· ..... : .. ; ... ··~•••'•"•·-~---········-··-.····-·········•·-··""'"'''"-·----.. --.. --- .. -- --·····--.·-·· ...... .. 
. "· 
· · · ... · ... . · . . Pi-obfe),11$ a:r1se:. T1.ae 'difriculty results :r;om the fact that . .. .... . ... ........ I 
' 
it :i;S necessary to have either a smal1 value for (-<:t..)'2. , . I 
i~ 
· · . . 11·. ;....... i: 
f!: 
__ ______ . _ _ ~~ a --~~~~~~----!~-~~~--- _:£?.~--~-~-~:- _t?~--~-~~~~~ --- -__ In _ru1y _ -~-~-~-~--=---~-~~ .. I?..~i~ ____ :i._~---- _____ -------------~-- f - - ----- -- .------ . -
r~ 
. 
- the BJ1_oc1e 1r1ill be nearly the sam.e -<size as -the spe ..cing be~ 
i' 
. . .a.·.·,·----~·-···----·,•.·.·.· .... .. .. . .. ' . ff 
.,,: 
;/ I •. -. ,. . -- -- . - - -:.- -.. -- -
--- - -- .. -- -· ·--~ ! ••• "-- •• • ); 
,, ·· - · --·:./·-··. ··· "°. - , ... tvreen.- ~tlie· anoc1e e ..rid ce~thodeo As a 1~es11lt, .field d.ist;ortion - ~- /~ 
. - \ 1 - - - -- -- ----- -- -- -- - - - -- - - -
.. ----- ---·-·------·-·- .. ·--- ···-- ·-----------·-·····---·-·····'"--·. ·-. ···--··- -···-· 
-·- ·-· -- . ·- ___ _._.:___ --·-------,------------- ;i 
- ________ .. ___________ .. -· 
- I due to ·the aperture extends appreciably into the acceler- . , 
-- -·--·-· ------- --------- ~-- ______ ---- - -~ -:-,-r-,· . --··- ·--- .....•... -- .. ······-···~----------··-······· . -- ._.; 
a ting 1~egiQi1., and the t;hin lens .formula., equation (4)., is ! 
. I 
--- ---------------- ·-- ···no· lo11ge1~ valid. The distorted field affects the ·trajec- · I 
t 
I 
l 
! ,, 
i_ 
J. '': 
tories at the outer edge of the berun differently fr,0111 tl1.ose . 
----···-·"·--··-···-----""""""'" .................. "-··· .. ···'---······-·-···-······-··········· .. . ...... -.... ·.--·· .,-.... ····· - ~--··"···•"'"'# ::=~=:::~.====~~-~~~~~-~~:~=~:~~~~-·~===~~:~~~~~~~~~~==:=::~~~:~~;~~~:~::~~;~~~~;~~:~;~~~=;;-~--~=~~=:~~~~~- .. --- ___ , ...... _._c .. ~- ·-~·.c. - ."''c-- .. • .. -=--=-~: ....... ----------------- ........ , ..... -~: , 
-- · ·--------------=-- --~-------~-:--·-·- -iit tl1~ ____ Q_~n:t;er __ o _____ G_ener.ally.1. _____ e_le.c:crons. ___ near-----the-axis------do- no·t--- __ _c __ _;L 
i . 
/ 1 
' receive pr6portiona tely as ra.uch in1'1aJ?d radial accelerat;ion -_-. 
;I I 
I 
\i 
i 
as those near tl1e beara edge.,, .. and the current tends to con- _ _ ______  
-· - .. -- -·---· .----~----------. _________ ,. .... ------r· .--· ··-·--· .:•• -,·- ... --_.·:• •. ·r.-r:··•• . .'.: ... ,----·-.----~-·----- ····•··· .. • ...•. --- - ------- .. - -
. l ,. 
.. --. - --- centra~te nee .. r the edge o -..... - -- ... -- • I 
--· - ·--·-· ... 1 - - ---------------------· --· i 
! imot;her diffi~ulty is that unless the boundary ________ , _______ . I 
' I 
; ,· - . _:. . 
. ---·--·-· -,··------------·- -·- -
.. ___ _'- ----·-'"-·-----. ~--·.--·---~---··-·-·-- . ·-
.. -------------- ------ - -- - ...................... ------------------·------------- ... --- ---- ---------·------------ I 
• •. • I 
potential is adjustea. carefully the field distort;ion i-1ill l 
l 
· extend l>ack along the axis as .fa1~ as the cathode and i-1ill 
.cause lot·1er elllission f1~om the cen·ter oi-· the cathode, thus 
lowering perveanceo 
17o~tuna4tely si it is possible ,to adjust the electrode 
I I :: S,f't'i"""' ; ~, 'l$il 
' . ~ .-
. I 
j 
; 
! 
! 
' 
I 
i 
! 
I 
. I 
I 
I 
I 
i 
I 
I 
.. ' 
. - -- ... -·-- '--· ····-"· ·,--." ... ·'-·-···-· ·- -· - ....... ¥---:·--~~ -- .. -- - . -·--- --·-· - . . ... - ···---·· ---- . -- ... - ... ·--· .. , -···-· . __ ,, _____ -~- -·-- ... : .. --···-.···-· ... ----·- ' .• ~:..~ ·• -···-·--···-·--·-: ..... '--· .. --· \ 11 - . ( See equation 3), page a. 
.. . 
•••• •· "• ••• -··• •-- ,-C---·• ,'-•-•~c-., •• '~·-·,o-•••~••'·•-' •••••·:•· • : -•• --••••--••--•- •--•-' ~·•••,••••-•·-••-,•••••·•• •• 
,. 
' . ,, 
.'. •- - . .. ' - ... :_ - ···--- -~ -- . ' 
.. 
,. 
------ -.... -- -~'.:. .;! - .-,. ··-· ,_- -
• T --
. \ 
( 
4 ., . 
l, 
' . 
I ' 
·.,,. . 
.IJ . ' . 
. . 
, 
· 22 • 
shapes to compensate at least partially for tl1.ese; ef'facj:;s. 
.. . .. , .. , - . ...,._, .. ::.·. 
. 
. 
. 
' . 
. 
.-'--~---'-"'L--... '"~~,;_;-~···.··•······_.y-~-----~---~:-'··:·:·of~-~t11J9--'ano·cte~--·111ou1d-·-~sduc-e-·-'·tner····r-i)aicr···,r:ttrtt>r~ti·ori~--- ·· "Tne·· . . ··-----------~, ... ···---~---------.-.· ------, .. -··- -·,---»- -- - -··_ -- -~ -·- ,-· I . 
-
. 
-·· . 
. . -- ..... -----·-· - .. .;:, .. ;, ... .;;--.-~-- -"· .-.---~~ -~ ; .. : ·- ---- -- -
. ··: .. . 
,, 
l 
-------------------------~----------
-----. -------.------
! 
. . -· ' . .. .. -- -- . . -- . . - '. . . . ----- ------- ·-·-- -----·--····--------·- ------·-····------------- - -- --- -- -~-.. ....:....:.~.::-= --- -- _.,, -----·· ,----, ··-- .-- ·-·_------ ----· ·---------·· -------------:- ~-----·-·---- --- ·-- .. - --· ------·------ --·--· . -
.. - . - - ' . . ' . . . ~ -/-- -- - ----. ~--=:--'.·-=~:=-.. -~=-=·~-~is· e1e·ctrode 9 callee; -a it concent1~ati:ng elect;1'3ode0 , - caxr·p·,-----~-~:~-~~=-=--~::·:.--_ ······- ··· i 
! . 
i 
i 
i 
. ' 
. -- ·._ - . ____ ... _.:. . - -
.;-.-,•·,.•.c·.•--. .•.. ,,, .... _•,·<·'-'--··-·..:.·•.,,:-_-_·c'"'" 1 ··· .. ·• ' 
' ' 
1 
-- ·· • addi1,g it· as an extension of tl1e f oci1s e·lec·t~ode Q l .. . ....------·--------··--·--·-···-- -- .. . . ...... - .. 
.1 ... -····· ---- ---·--------- ·- '------·· ' ----- --------·--· ·----···. -'···- ... : .. -.. 
-- --- - -- ---- - - - ----- - -- -j - .. : .. --·:.:-~:;~:.:.;.: · :. · ·. The concentrating electrode may·:1ia.ve: sever.al 1,=enefi1;1r·;:L"-"=;~~.ccc~.- --~··-······-!! 
11 I! . 
il:, 
• ~ ~ 
.. 
' 
· For one· thing.9 it concentrates much or the distortion .. of' 
- .. '-------· --·-------.. - -- -- ·-- ..... 
·-· ' --· 
.. ·-·-·· - ·---------·~------···•·-· ----·-- .... ···----· --· -
. 
. . 
- - -- -··-- -··· the accelerating field near the anode., so that by the time · 
------ -------- ------·-·---· -
. -- -__ - ·---~ --_-_. .. ----__ -. ··a<fquir·ea--··c:onsiderabie-·-·n1o~~~t:~--=-~------~-Ai-~:Q~-~--i-t~ --~-~nc1s·--··i·~-----2iep.r.ess .. ------ --··_·· .. ·. _____ . 
. . - - :... .. ..,- ... .... --- .. --- . . --- .-- .. ------····- .... - '·- - ,.- ,. . . - ' -- --
---·· •• --~··:. ___ ;,'." ___ .-.::_~,-:,,-... ":! __ ~·-~~-----'-"-'! .... __ ,,,,-. :·· .. .:: .. ".::~:·_. -:··---
------- ----·the po·tential ·near ·the cathode edge. This effect can be 
,. -~-- --~~---c---used "GO match- -the- potential gradient' at ·the crathode · edge ... - ...... ~·-"·=+c~-~,~~.,=;-=.==··'"·'-----
to that; near , the a.xis in order to achieve unif o~m. o'll.l?rent 
- : .•• : ••.•• .. - - .....:_.cc:.-_ ,_._ •• • 
-··-- ---·-···--·--·--·------· - --
. . . - ------···---· -·- ·-- --- -- ---·- ---·-·-·-·-···-·- .. 
~- ......... --· ··-·-------------· -_-·· -,----· _______ emission .-ac1~oss. the- t,athode . stwf ace. -It -must---be -noted this-·--
j . · · ·· process ei"i'ectively reduces the emission over the entire ... . .: . ~ . - .. ' . 
-----·- ·-···---.---·--·-- --
t! . - ... --··- ··----------- --··----···· ..... 
I cathode s1.1rface to match that at the lowest point o For ~ 
'i this :ti>eason5) use or a co1-'l.centrating· electrode can· be ex-· 
.. -----~ ------···---·-------'--·---J- --•.::;'--="'=- '··- -·----.--, ···--····-.. ---·-··-·· . 
,·. 
1 { 
ti 
pected to lowez1 the perveanc_e of a gun from the calculated 
value$ 
.. 
- - - . - -~--- ·- --~ ---------- • -- --.-- ·--.. ------· .. ---·- ·- - -· • 
-r 
c 
' i 
' .... ' .. 
. . . , .. .. ' ···- ··- . . .. .,.. ., ....... , .. . ,.. .... ------- ,'. _)_': ...... -.. - -· . 
1··--· 
1 ' 
. ·---···' ..: .... ... -
' 
___, __ --- -·-----··--· --·· - --~--~·· --·· ·----~- ·-- ---- ----- ---~ --· -- -~· - ---·-··-·, -·~ ·- .. , ·-
--'""'=- -""~ ~-·~-'-'-' - .. 
' ... 
-r-
j 
! 
l 
l 
! r 
I 
i 
I 
l 
I y l 
l 
1 
I 
I 
I 
! 
I 
l 
I 
l 
l 
! 
I 
I 
I 
l 
I i I i I ! I I l J· I 
- , ! 
I 
I 
I 
I 
·1 
! 
' 
Focus 
i-
i 
I, 
I 
I• 
! 
I 
1· 
I 
I, 
1, 
I, 
i 
j 
' I jj 
Ii 
I 
il 
i 
1: 
,, 
ji 
I: 
i: 
El_ectrpde 
l 
I 
Cathode! 
!1 
.. -
Fi~re ;. 
-l 
! 
L 
:, 
,. 
I Geqmetry 
i 
I 
i 
I 
' 
-
'. 
by 
Ii. 
i! 
il 
., ,, 
~1 
~i 
·~ ;i 
, . 
. , 
l-1 
D 
',j 
n 
'~~ 
-~ 
li [l 
.. , 
~i 
li 
~ 
u 
·!A 
I .. , I :1 
I ; ' 
mullert 
i i !J 
i I \J 
I i! i ': ; 
I 
I 
I 
.. ~--~->·.----- -
I 
I 
I 
I . 
I , 
I 
I 
I 
i 
I 
I 
I 
I 
! 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
i 
l 
I 
l 
! 
I 
I 
i -
! 
i 
I 
I 
' 
l. ! ·,t 
- -
·-r 
I 
I 
J 
(1 ________ ..,. _____ ,.... __ ...,._,.
I I I 
.. ! 
.., 
) 
. i 
" 
! ,.. 
I I 
., 
... - ·- .>··~- ' -~r- ;_-,-_--~:~ 
I 
i. 
I 
i 
! . 
I 
I 
I 
I 
I 
i 
I 
I 
! 
!: 
I ,. 
i; 
!' 
.j' 
!. 
1 ~
i 
: 
/: 
., 
.-
. _· r 
N" 
-~ 
• 
wrs--~ .... ---~--.. -~-.-~ .. -~--.-----__.~~~----------1111!'1. _ ... ___ ........... _______ lllllll!all __________ ~-"'-'--=---~--~---;;;.;a;;;;-~----~-;:;:;;-~--=-~-~~,~--_..:.·:...;___....~~-la 
f-C, 0 :1 I 
I -
,; 
. • i, ..... . .-·- ~ - I . 
J 
._. (7 
.· ' 24 • . " 
.-
. __ - •. rt/ . 
. /'-. ------- . 
CHAPTER III --
.A:t'P~ICA.TIOl\f OF__ TEJ:5 DIGITAL COMPUTER ___ -_- ____ .-- .. 
. ,--·-- . ' ... 
a • ,PROG Il4.]ji TO RE17fI1JE TIIB G EO]JIETRY - -. - . :··: _: ... -· ·: ...... ,. _-:·'-,. .. -._:· _ ............ -.-- .- · _. . - ·. -----~-- . 1 
. ·- ---· ·-····· 
' I 
. . . - . ,,. ... ·· ..... · .:.,___ "_: .. _.;, ; ........ .:.,.;··.: : .. '. ':· '-" .. . ~-' ' .. :::.· .... .. -0.:.::.:. ,,,,_.,_·:·.---.·:.:.:.-.:-· ... .: .. ;.._,', ;::~...: .. ; .. :. ;:: .. ,.· ·. '"--~ ., •. _:_ 
i 
-· .. ' . . 
...... )'.\ ', .. '··-·· "'~.-.-.:. ·;·..:~--- .-:·-' .. _ .... . ~ .. - ... ,. :.•:• •'~'. ...... , . 
" ______ ,. _____ - .......... ~ .... - . -- -- ----·•->'•- ·-··---- .. --····-· ,,. ···--·· -------· -- ·•· ·---·-·----------··· .. ¥ • ...... ---·---··---- -· ------·-··- -·-· --·· --· ·-·---- ••••·•·• ~ • 
. ,, ... ; .. '..':. '. ·.:: :.:·· ::·: ;.···: -- ." .. ~: . -··- ---· ::_:. ·- -;,_~.---_. -::"":. . ·- :.: ~'.=·-=-::.. ::·.:·: :..:.:.::.:·:·-::-::.~~-:.:. - ... .:...:.::.· ~--~_.:::;: .•. ·.:_~~:::.:::::~:-=-~:::.::·:~::.;.;::;::..:~:::-.-~::::.;;.::::,:::.:~.:.:;.:..:; ... \,.::.-~.:.;.. -. .,..,---~ ~_: .. ~ .. ;.:.-t<·:· 
' _· .. ., .. , _,_ .......... --- ····-· _._:~·--•---.--.~·----"' . . . 
-_ ·-- •,----····"" __ : .............. ----·-·-··..,__-__ -.- - - ' : '- .: _:_ ·--···----------- ---=----~---'.:.., .... :.~; .... ':'.:.""";.'. ... "".:.::,- •. :.,_ rf t 
________ : ________ ~ ______ : _________ ~-------------Boers• ... digita1· .. oomptiter program: uiras -~vailable for use -- ·-~- r 
•-. ··---····-·········--·--· .. ··--····-~-----···---,-·-••h·-----·-·--····--·-··-·--·.---·-··' •.· - .. . . . ~ -· 
. . ... . ··-··-·----- ---·-·'··-- ------··--·····-.. ,{-.-., .. ,.~---~- .................. ~-- ................ . 
·-----· ................... ··-·- · ............ --------------------. -·--------···--···,····-·····--·--- ... --,-- .. 
~ 
on the lB!J1 7090 ·installed -~t -the Universi_~y or, Iy1ichigan~. . .·---.- ----"~-:-·· ---- -1-
- . . . - . - . . . --
. . /, 
-----... ----------- '-------_ --- . -. ------ ----- --·- ------- . --- . ---------- -- . ----------- ----------------------------------- · .. ------------------------------- -------------------- . ------------------------------------------ ------------------ - . ---- --------------·------ -- ·- . . . ------------ ·1-·. 
... .-~- ... :~: .. _::=Ar-:-:.: ___ .. _-_:; _____ :_ .. :r:~- ~ru.1 dete~n~ cath~dt, c~rent .¢lensi·ty, electron t;rajec--- -~--- -; ~-_.-~:.- :::-~- -_ I 
- -- - "-,\ ... /__ • . . . . . ,.. . . . . - . . • . . . . - ... ::- __ - ·-- .. -- - . , ______ ;--------•----------: J_ 
.c.•... ... CCCCc;,c•••O-.,,-~-«M<"~_,._,,~,,;,,"' __ .,-.,.tor1es, and equipote11u1al-,lines within- a-.g1ven gun -geometey.-- • --·. - · . • • l 
: i 
j 
. - ' ~. 
__ ·._--- -~~~-~-'.~"'-"-~":~-~--- .__-___ The first design whioh-tta-s an_alyzed uses the g<;\pmet:ry ____ -~--~---~------ 'j 
--'---------------------·- -·--------·---·-··------------ -------·------··-- --------- - ··---·--···-- -· ---- - ----- -··-·· ---............ ·-····---··-·· ··-·;---- ···- --- --- --·-----············ ·---- ---·-··--- ·-- ...... ·-·- ···------·-'- --··--· ··---· ---·· --------··-····-· .... ·-- ··- --·--····--------·--·-------- -----------· -------·------·--------·-·-·--·----·-----··----- .~---------------.. f,---,. 
. ---------------------- ·-·-------·----·-·----- ---------------·----·-·--·---··------------ ··--···-····-·---------·----------. ------------------ ----- --- ·-----·----------·------ --···· -·--------·--- -- .. ··--·-·· - . ··- ... ··- --------------------·-··------ -- --- - - - --- ---- -- ----- ·---- - ---·---------- .. - ..... ·- ---· ·------ -,-- ----- - -·. - - - ! 
. . 
. . . . . -- -- ---- -·---------- ----------·-·- -·---------- i . -
- -- -- -- - determined in Chapter I:C, and is shown in Pigure 8. The I 
' ' 
. - . I 
electrodes are dra'Wll to scale, and in the actual gun would _ -~-"--- j 
- , 
. - . . I 
. ----······------ -------- ··------------------·---- . --- ----- l · 
, , be f igurea o:r revolution around -the -Z. - axis. Its ! 
u ~ 
. . ' ~ 
~--·-;::;.,=-..~-,=.:..:..;....::~.;...,..;~,;;~-;.~~";:&"= -:::-c=' ~~.:o,;-=c.:.:.:-=~.;.; . .:.....:..=c.:.· ..• o_··-·•••••: ... ~ :..,._; ••• ,_ .• -••••• ·;._ ••. ,.-... , •.• ••••,. ., ...... , ... •.•:-- ·---•-- ;_:,.:__ •••·-•••' -•- .•• ,·: .. , .. ·,.--••-••"• • ••••"' ---• ••·""''~-•••••- ~ .-----••_...._,. • .,, ... , ... 0 •• ,_ .. _-.•-'>••,•,-i.,--.,-,-~~-•--•-'--•• .. -•-••••••-~ •-•--.•-·--------·--•••"""'"'"-' •.• -., .. ,, • • ---• ••• - •·• ~- . . , . I • --- • .•. ', - , ·, , •.• • • ••• • ·-- • • • C ,• •• •• •• - • - -· ... • - , ·=·- ... •--,1•- --- . ~ , 
-----------· --_ -_-_ --___ ----_ ____ :. ___ ~s--s~o·a·:tat<~:fd~cc=e-qt1iIYotenti"a1s~"-""are~"=sn.ow:fi-c·".==rn--:c.·F-1gtcr~'~~-,9~~.,-~-~-1mtf----r·o~ --- · -··- ---j-
---------------··------------ --~··-----~-- ------ --- ·-··---------·------ -- ----- _ tct _______ ·---·------·--------·--·--·--·-···--········--··· --- -- - ---- - ----------------·-----·--··-·------- -1 
','! !,; 
f ••...• 
· · -- ·electrode incorporates a concentrating eleet_rode, and has·-~:- ------ - ----- --l-
- . 
--·· -·- ----·------ .l .... ·.:,-:-:-_·_----····-······------.-____________ , ____ .. ___________ ------- -- -- ' . H 
1· 4 
- . · , __ :. been sealed f'rom a design which was intended to f'orce a --- -- -- __ - -- j 
,l 
. ,• - .. ·- ·.. - ' ----•-- - . . ----···- -- --.. ,.·__ .. ___ , , - ..... ·-·- ----- --···-----·-····- ----- -··-···--···-·· ----·-----·------··--- .... --.,._.__.,_, ... -~-~ 
--r-
t 
..• -------~~-- ------r·······- . .;\ 
- - -- ·. uniform ~potential gradient across the catho.de face. _____________ --, 
-- ----------"---:--:;,-·------;---··---- --- ------- --,--- -- . . .. :-1- . . . . .. -- . .. _-. . .. . . . . . . .. . . . -- .. --- . . . . . . . ' •. 
. l 
ii 
;\ (i. 
<:I 
ii 
~f 
-------'--- _L /'i 
It elm be seen from the potential plot of Figure 9 . 
.. _______________ -- ·~ -----~------·---------··---
---·· -- -·-·- .. -
·----------- ,_ .. -- .... 
---- -------~~:- ·----~-------~~--------tnat the in.fluence of the co11cen·crating electrode is "i:fomti: ·---~------------ -- i-t :'i \ (, 
v1 • ; 
'J J 
_- --=~ ~-== -- --- --_what _greater_ than was desired., f ?r the equipotential line_ _ _ __ ,. __ -- -- -!-
nearest the cathode_ curves away ,~rom the cathode near the - , j 
.. beam edgeo Eqipotentials near the cathode (out to at·_ 
,,), ~-: '· 
. . . . - - . ~ . . 
t . 
···- -·····~-----·- -·- -----~----·-· -- ---
. ' ... -•.·. •.,,--- .-,-- .. 
• -... ...._.==------,- - ~- ~- -~-.. - --
. -- ···------ ---~--. .:....--·.--,- --- -:.----·-· -~----------'-'=·-.--- -- -~-· 
least 20 per cen·t of the anode vo1tage) should be arcs of-
circles concentric with the cathode surface in order to 
accelera~te electFons in~;a111d a .. long ~trtte radial trajectories. --·-·--··--····-·-.·· ----------,-·-· ·-
The ratio o:r cathode radius to beam minj.mum radius 
···- "'""" , __ , .... ··---··-··--· .. ,· .. 
-· ·-------·-·---·-- -· 
' 
- ' ~ . ' \. 
' ' 4 l, ,, . 
. ( 
-•. --, .. , ....... . 
- .. ' -- ·- . ~ : '. . 
.... ' ,, 
...... . . - ....... ,.~ . . .. ·;·--··--:·- ··-- --~--··--········ -~-· ,--;·-···- .. ····1··--~~---.;..·---:-·---- ·-···-~-- ·--··~--·· . . ·- - ··. ' . . ' - ' . ·- -~-:-,.~-·~----·-···-·· ----·--. ---- . 
. " 
( . 
~-' -- .-,.- ·--~-.-.,~-- .• ·,-, •···•-•-~· -· .-., .... , ---~ ·• ,._ .• ~ •.. ..., ·:- -..- ... - ,.~- •- • •·· -- ,~-,,- ,,_.,-., .. c,J - --•·' . .,.,., .. ., - , ·' , -•· ··-- ,,_-, -.. ,_ .. ,_. • ·- · ,.,.,_;-~---r ·-. /;.,-•·;, ._•·. · ;·. •.:-:· ;·r --· ·- ', 
i 
~ 
I., 
' ' f. 
! 
I 
I 
~. ,' 
' 
..•. 
j ·1·· . ' '. 
' 
·. ~. 
I . , )tr~ .. "~"'i-!fm,,.,c,,,,,""""-""'"""'"WTlW.<C,'";,,'>"7,'ll<,?,:: '"'"""'""'''"'.'"'~"SfuO,C3":C'°a\iS\\",,<,"r,~:,:,,,c,,,2<C,><;<,""'""'\,C'",J'"''""'°'"'""*)~"'''"~%0"'.W>,"l'"•'U°'""'"·'°''.""'''"'""""-'"C""\-', ,. 
.. 
• 
' . 
• 
____ : - -···-~-
·· .. · ·-·--. " . ', 
.. ..:... ... ·---···-'' --. -
..,, 
.·.~-,~-'"" • .. 
' .. ·,, "·''"' -·'·"' ..... ·'-'· :•;;:"t:·'":":''''·''' "''' '" 
) 
·------ ,-~ ......... .,--,-~-·, ,·. ~ --.· -- ·---
. j . ' 
-- - -·----- .:. - - . . -- . 
:r-
', ____ -- - -------;---------;-
__ , __ , ~--.-~-. ·---·--
- ...,:_ __ ~--~·. -~ -,--.-----··- ------~- . - . ·-·-··-~- -- - --- ---~·-· - . -··· ~--
. ----------·- ---- ---· ---· --~--- - -.------'--· -·---------~-
Perveance 
-, . - .. --· . -
., __ .... - -,· ---.-
---:- --_ . ._ - ,: ·- - ". - ---···--···-·· ., _____ · ...... ;-· 
. ' ---- ---·--- ··---
------;--~-------- -~---
------·-----------.----------- -----------
---------------. ----- --------------·--- :.;'::(,:: 
•.;.,: 
., ·-l i-' 
c=='-·-·===c--"'-=--=-·c-c. ===c-c=="'f== -- --- .. , --~ --·- --·-- ---· ..... ' ·- :_ ---- _, --- ~ ~''f;"c:;;;;'.6:~:s~~ _.__. _ __.._.,__ __ ,_- ...... ~-----.;...-. - - ----·--·····~·"··-~····-~--.... -. ___ ,.,•,, ••••""'<'Pn•-••"••-•M·,,o•hO . -.~ .............. :t.---• 
-
8. 
-~,--
·--~ 
.· ·~ -
........... 
•• . .. 
,!) o·o· \,I. 
: .......... 
.... 
w 
--· 
--
4.00 
Eleot:rc,ntrajectoriea 
. ,· . ' . . . ' 
.,. _ _:.. ______ -----·--··-- ---- -- -----
-
.... .___. 
-
-. .•. 
• 
-
s.oo 6.00 7.00 
---'2 --AXIS.· a.oo 9.00 
in the first gun cleaign. 
. 
.•,, 
. .-.~,,..,.-. 
' • ~~----,--· __ :--•• ~ • ....:.: 0 ,.~ ·-• .,.,.: ... _,_.;. ;:: ,. ~ .. ,, •• ,:.t...c~:.~,--··" ~-,,..,.-,·,-.,_,-,.-.,.,_::.,,..~~ •• ..,_,_,~,•~-~ • ..%-!).-:z":;;;;:'.:;~,i,;:~~.:~;,~-.-~?..~.:ii;_,~~.:i-J,_~~)j.:t::~;:;._·~;:.;.:,"'.' .:;.'~"":, :J;:;',,~;;:.:.__,-,.;.,'.:,'i,. ..:,,_.:·iJ~;~· ;t.;,;J.,3,.-t"i!,r._:.::.Y,j.C.'-;_.; ;",":,.,,,:,.::-~·~.,~-.'.;'.L.c:.::.'.,.e,;,.:;,,.!,..,_,·~,:· ,.i ,.;::17,', ·t;;,.;.,•::, .C,l';.<·~:....<·.~·r,·::. ~\.~'.-:,...;~_,;, ·,-, .. ~;-;. .. ..,._,,-, .,-;-_,·:.a1~-,~..:.,n.;•_ •">°U:,·~~ .• :.':-;: <•":-~~:7•..-~--~~ .... ~~ ........ ,,,...,,-,.l.,1'.J..t......,.y,<.,),'S-·,,.,_,,=,-t~,,., ....... ,,~,S,Q.:, .... -...,~ -~.co·.,-.~, ~ ......_._..,.._ -"'-·· ·--- ~~'<•-•• - ._,__.,,..._.,..-~ , . ...V. - -,- _ ~ • 
' ' 
•,,\ ." 
• ·'.·~1 ~ ' . 
. /,~· :.~ .. :.·,.~·.tj/;\;{'/· :: ~?'!. 
·, 
·-·.-·.:,;,, 
' ''· 
_.._. --
• 
~ 
·-:;_-~. -.... , 
' . 
. •,,' 
··-'.i':· .. 1;,I_· . 
.. · ... :,; 
-.• : ·.>· .. 
.:,•. 
,'i '-;;~ . 
.. ;.;~,;_;-:;; . ,Y~~:-; · :~_.c t'°'~c:·-~~'""--·;--,~-"~~-~~~.\ 
, .. ,.. . . 
. '~}::,;f1\('., 
- •', 
. . 
. (··,\ 
-::---:·_' .......... .:, - .... -.-,· . : 
. ·~" 
'' ~ . ' ·,l' .. ' .. ~ 
~ :,;<~+: ~~·:, I •ic"',;. 
·- --··-·----· -/~:":..._._.·:t,,· 
3~_.~:-i1h~}'.jf :t: ;-\~~~~~~,::,~~·~~~; 
, -~I:,: 
>\-t{ ~. 
:·1~ .. 
·., .. : 
\'"1 
!. . ·- ' --···--· ·-. ····--·~"'' ~c.- ---
I 
I 
0 
0 
- -- --·-·--- . - ---
;.-o-:. 
--------·o 
-. ___ _ 
·-·--. 
0 
0 
Iii 
N 
0 
r 
, .. 
l 
.. 
! 
t•--'f--•·,, 
. . ;:_;,_.;. ; ..... ---· ... ·-----·-····''" 
·.".''-·· 
... 
--····--· .:_ .. _________ ,. ------ ..... ·-·-·-- •...... ., ... 
.:.~.-- ··:::·• --- .... ---- ··--····-·--· -·-__ ---- -· 
--··--- ---------- .. -----
' 
. _ .. _, __ ., ________ , _. ________________ , ----·-- . . . . 
---·----·-----
- --··---··--"'- ·----·-----·-···· 
, 
.. 
() 
·---'--=-· - -·-·······-----· . ·--
·-. -------·-------·-. --------··. ··-·~.--- ··--·-----·-·· 
·---~--.. -·--·-----·--··---- ·-···- -----' ----------·--··-·------·-··---·-·--.. -'-------'--·--_-'--'-·---F-"-·'---~----------
____ ,,___ ·--------------
' 
r, 
\ 
• 
-----------·--·----~::....·~- ·-- - ;·- ·:..._· __ : 
•. __ , -- •.• ~ .,,._. u '· .• ,.' .. _. __ _ 
.·.· · .• 2·.:. :."'··~---·- .......... _ ··---....:..--:.i;- ____ . _ _ :--, ....•• ·,-,.-•··:···. ··: •.•.. · .. -,.~·-••. :.c.: .• "". -
' 
- r 
-------···-· --------- ____ . ____ -- -
. '. 
• 
-. 
- _....,_ 
c. t..:-· 
. ,, 
·"'.· 
• 
........ _ .... --···-·.-----..... ---..- .. -----,-.~-·-=.; .. cs ---- -- ~~;;.....;~1;..a.,_, _____ ._--- .• - ·--.• ,_,.r; ....... _ •• · ··· ;..,~. , ....... , ... c..-._;~, --- -- ·--- '~- --~ ---- .. -- --.-·.- ---
---::-....::...,_.. . -
, ____ _ 
----------.-·-·····.· -· -·_ . ·- .. -:---------·-·-- ··.·-- - ..... -. ::--:;:· 
. ,.L •. 
1,.,. 
VRLUES 
s10QQ 
~2000 
.,3000 
04000 
05000 
06000 
- ;!'t.. 
-. ···-···--"·------··---- 11;,;;t' 
-. 1000·--·-···----------·-· ·-- - -~---- --------~---- ------··· --
+ c,8000 
09000 
·- ·-·--.----. ~- ·--······ ·-----·----
·---·-·----· ------· -~--~--~-----
,., - --·-·-····------ ,-------·--·-·--·· .... , .... -..~ ...... . 
---------·---- - ·-:·· __ --~--- - - ... -- - -~ 
------~-------------- - -
----,-·-·----- -·------ . -·--.-·-=--.....:.....:...-~--- .. ··-· ,- ------- ------
C 
4
~~~00""""" -=--~-1~e 0-0=-~.....ll-2,+o o-o--f-lli----3+a o-o~--=--L---4.o o_o__..._----ti---5+-o o_o....._ _ 6+o 0_0 ___ 7...... 0_0 ___ 8.,._. 0_0 ___ 9...... 0_0 ___ 1+og_o_o ___ ....._.,,__1+i .-0-0----===-=31~ 
Z-RXIS 
Equipotentiels in the gun design. 
,·.? 
~ 
........... _ 
.. -... ,,.._, ·.,_,,. -
---·a• =-.-.. - uo=---=:::::::::=ro-= 
I I
I 
I . 
'· 1 •• ,. '.-/ 
(' ·, . 
I· 
'. 
., 
_ The severe bean1. compl?ession can_ be at·cribu ..t.ed to .the. verry 
".··- • ~ ~ ' r • 
' . . ·;: 
i. . .. 
i !"J..-·.-Y-·.. T 
·-· ............................... · ,;· ........ ... . ... ·-·- --- ---· .. - r-
- " .. --·-·--· . .. .. . - ., ... . . . .. . .,, .. . .. . . ....... "····· .... , .- .. · ... . ' ; . . 
, - _· )>· :__, Strong effect of the coricent1tating ele·ctmOdeo Also$ the·' ·· · i · 
__ , coinpllted Perveance is lower than desired., o.,785x 10""611;v312 • ·-- ·-- -I 
... ,~ .. -- ... ·-· . . . . . . . - .... . . . .. . .... . .. - . . . .... . . .. . ... ,-- . . . . ... .. . ,_ . .. . .. . . . . . . . . . .. ' ........ ---- ......................... ., ... , ........... -, ...................... - ..... ] .. . 
- - . . -: ·--: "': •- .... -· -··:· ·-, .... ~: '; -• -· ···----·· ·-· ... 
. ·. beam mLniramno · Cross overs such aa this raust be_.· avoided a~ 
• - • • •··•·•···--·-•·----'.·---·····----•·--• ,'-•-·--·~---···• .. - • . •••• ---···•·:""''····--•--•-··--• I ~ 
ii 
. l 
; --· ...... c..c~•:~~~..:::;:~·-·~·--~·-·-~;=~----~--·c·~- -i~~=-::~,I0.1JQh .. , a..c~ ~PO~ _Sl.i b le .o , I d~ally., __ al_l; . E.>.l~Q_ 1i~O:t+~-----JrfQgl 4 ..... b:e t~~Y~.l~ ... _ -=,•;. ~~-·~~~~~~~=--,--~'.'. =- i ,-
: . . . : . l 
..................... ~ ............... ·' ··---- - .. •.... ---------·-· •···--- . ... .. ...... .. .. .. --·---·---·-·-~---'----;-·-·· ~----···· ------i 
ing. parallel to the axis .at ·the rairi.ira.umo Any initial f , 
------·---- ---·-·-·------- -·-- ,, ___________ ........ ---- ... -· -·····------ ---------------- .. --- ---------- -----·----- -· -- ·- -· .... ---···-·-·------·· ·- --·-··--· -- -- --------- ... -· . - -- .. ______ ., ____ -· . ·-----· ----- -- ... --.. - ..... ------·------ -- --t--. 
·· --- ·· ···· ···· radial v8locity as an electron enters the magnetic f'ocussing . · · / · 
. ~·· 
." •·· .. . -
-
. ·field can, set up ~ unstable spiralling ·motion which might 
cause the electron to be intercepted on the drift tube. 
1 
i.' 
: I . 
I 1 · 
.......... - . -... .. . . I 
l 
i 
" l 
:.L,,~,.~-~=,=_"'~~c"'"~'-=--~~=~~-~ .. ~==-~~rrrr;:e······:=:~-~,iiiif:~~:~~,~~~:;;:~~,e-·. -·,;;;::~-A~:;==:A_;;t:t:~:·t·1=i:.;g-:·· ,:,~e·-~ :~~~~Gc:::;~e---·-p-~-~e·-~s-" :-e· -~ -'"~---·s:-- .. ~~~i;~~f--~~~~e···· .j;o..n:;;:·:910---·ns_ .. ___ ,~--·. ~----~---~ ........... --~--+::=-~ 
-::·-·------·------·--------~-~--___,___ __ ~-- --- . ~- ~n - -- -"1..4,,'-";.,~•-- --u··· o..d vuv ... .:, "'~-=- r::'...,_ ~- O .- . .- J..Ab G.\,J;J.;.: •~'-' .a..- - . . r 
_...._::. __________ ·-·---·---·~4-·-··-··.,.-___;,._, _____ -..., .. ___ ,_..:..__ ... _ •• -, ... ---···-....-.--,.---·-· ... _______ .. . . _, - ... ., ------ .. -- ··-- - -- -- ······----·-. ---····· --······-----.-·-:·::.-::--:·:··--:---·:-··.--·:·:.·-:·:----····:.::-···-·-··-- -··--·-······ - . .. --~.:.... -····---~::-':"::":":-."::::'.::.::.='".:-...::::=..:..::.-..:.:::.:~ .. -·.~- ·;:1 
___ ,, _________ ,, _______________ . ________ ---- . ------·--····----------··-·--·-····-----··--· 
,, 
:\ 
· - ·---··· ---·-in-----a-----ring- at----the- edge----of--·- ·the- -beam; ---ff---·these -·do· not .f oeus ·· ·· --- - · · ·· · --- ----·-· ·-f · 
.-· -:·1, 
• ;t·- - -
~~~---·: _i_,._ ·---------
i/'. 
,'if,' ff. 
;;,tz;:· 
'~.:- . ·, 
. .... . .. ·- .. . . - . ~ 
"d 
well, a considerable fraction o:f the beam current will be . -· - 1! 
~ 
lost. - ·- -------------.·------------.------··--------------- - -:--· ,- ----
This· first analysis cleai'ly indicates that the eon-
,;i 
:.~ 
- ------·- ............. . -fi -
- ----
·····-·· ·-··-·-
''I 
)} 
,,/· 
~ 
''J . 
~l 
.. ·--·· ··-· ·--··---·---·,;.. .• ___ ...:.. __ __,t ___ - -·. • . ----- . "}1 . 
. . '.') 
-· ·.· centrating electr9de has too strong an effect, causing - · -----·.-e .. ____________ ~---- , __ ,__ - fl -
,1 
\.i 
. !11 ' . ;(;'·,',. 
):f'."i-.~·~: ,- : 
\\;'····-- -
i/t:--: 
t~---- ., 
· :,, .. -- ,c •. ·:· ··_-~., ... ~ ·. ·_-- _ extren1e berun compression, reduced perveanee., and trajectoJ:17: -~--:~~:::. _:.~~- :. ·· - ~ ~ i . 
t 
..:..:,1 . 
:~t,. 
[;{$. 
·-~ . 
.; . ..:'1 
1\., ~ 
/}:: 
crossovers • 
~ 
.. :;··:--- ..... l 
t 
I 
! 
. I. 
I Two approaches were employed in· setting up the second :-_f 
. . .. , .. ··-· .... -· ,··-. i' . 
'
s . 
-.:',-:· I lk ' . : . .. .. :~: ____ ----- ···----------------·· .... -· -- -----, ---·-- . ___ ...:.. -----·-··----! -
~> _ designo · In order to increase the perveanoe the _ protruding ; 
tI· 
rtf(.. . . 
r{r ... 
h\, 
:•, 
t·r·.: 
:-·,'--- .... ·- . .. -- - .. -·· -·· ···- --- .. - ·-· . -· .. ----· - ..... ·---
) 
anocle lip 1r1as ext;e11cled closer to the cathode o . The nei"l 
. i 
cathode to anode spacing 1:1as dete1mnecl by calculating ...... -·-·--·--··-·---··-----·- -··--- -- -! . 
dimensions :for a basic design of' perveance 1.375x10-6Atv312 , 
J .. 
.. ;~ 
• • • ' ' • t 
; ---··· .... _____ : ... ·-·---· . ----· ------· -, ··---·~ -~--· --·-··· . 
• '-J('' -.··· .... - .. 
J 
--- . 
I_. 
i j 
I' 
. f 
. i 
r ( 
r,: 
,r,.-. 
't .. 
. -. . ~~~~~~~~~~~-~--~·· ~~~·..-~·~····~ ...~·-~· -~·~~~ ' __ .,..........,_LJ_L____,';:'-'=----L___J~= LJ_L.....J_L___J_L__ __ u""uL:T~~~~~~L.:.""""" _L.....J_.@. - , ..... U_LJ_U U ... I u L____J u LJ - '' L_J_L_______allL.......11 ~____,..,..;u ------ ;;.u ~ - _u_u~ ~ . _ -·· ·- . 
·- • - - __ - ___ J ___ -·-;-- - _ ··=-n2•_, __ ... _··-~e· __ -.-•. - ·-.__,.;, •. -=------· ··· - --- ·--··· ===- - -- - ---,..,_o-~--,- , ... ,.,,,7- ---=---------- - --- -
I • 
. ~ ' ' 
.. 28 • 
.. ' 
·. or 25 per cent greater than that requir_ed. The focus 
elec~trode tr1as placed at a 67° angle to a radiu·s at·. the 
-· .-·-.,,·-·-.-.·;.:::-;.:.-~:' 
........................... , ... ····• - ....... ........ -· .... ' . .,,.,_, -------·····------'" ·'·-·--"·•- --·-··-·· ..... ,. """'.' ...... , ....... ··----- -- -·-·-···-··--·---.. -" 
; ... _. ··,·,··" 
:c::·:.::c·c::c:c~:.,,,,~,cc-,,
7
., •. c,,' -trating electrode tihich was' placed further from the 
··-·······----·-·------· .. ----·---·. -,-- ~. -- .. . - - - . . - . . -
' . 
... _ ... ._ ·-· .. ------ ·-~---·--" ···--···--···-------~ ... -----~--------~-
· ... cathode in order ,to decrease .its influence· on the tra:jec- · ~ -------·---·:: 
····· -·-· - -· ., ...... ,.~-----·-·-- _--•,· . ..... -- ... -(; .. . : .. _ ... ~ ·- -- ··:· -·,-_----- -- ---_.:·.- : .: '. -·:: .:. ·:··:' ·\· 
.( ' 
·torieso Figures l)O and 11 show that. both measures were . ' 
'. ··1.. -,- . 
. .. .. . . :.. . ,_ .... _., _,. ·-··~- __ ,_ .- . .-.. -.... ~- --·· ........ ""· '. ._._,; .·.,-;.·-, ··--- - ., ' 
. 1 ef.fective, ·a:Lthough the ·design _-still.does .. ~o~ 111eet; t.n~.~:,,,;~,'·-~-~:··-~·······---o~:~_.::,:-~;;L:-.;; 
·--------------------------------------~-·-···········-····---·--·-----····-········ . . . --·- ·.· - .. ·--·· ... -··· ...... '' --·. . .. ... . ........... ••, ...... ·- . 
-··.,: ;:::--. ;.o,· •• ·.,,··-.. ·.•c•·;:·,".· .. ,;·.· .. ·,·.:-:·.·\;"-· .·., - ·, 
_. , .. , 
--- ---·-"-·-----~··· ' __ ... ___ -·-·-··--:·---·-
... . . - . .• :: ·-···,········----~~--,--::.:.··-~---.. -~--C-re·quirement{:l .--· Computed -perveance. has been increased -to-· .. _ 
i----c - -c-'- -1~2. X 10-~0-·-A;·v112;-·-;;d the c~~~;;;~~;--:;~;i~ i:-;~~~-;he ·-----,--
outer traje~t_ory again crosses the ·axis. 
I ,•-----:,. .,- ._..,; 
. ' ' 
- ·---~-· -·~-- - ·-- ··-·~ ··~·~·-·-· -:--- -
In order to test the influence of the concentrating 
;: -; .• -
.. II f ::_;:;:~~ ~==;~~~-==:="""==1t!t,-l:t~-(l~~1l~~-;:t11e::obss~ve~:;:ctz,~Jector~-~--C~()~=i~~Jt~~~li~-%Ffi-~=~:=···.:=:·:·~==~= 
--
1 
· design waspl?epaPedha..ving-·parameters··tden·ticfal to-those----·--:--.·· · , .... 
- - ·- ·-· -·-------------··---------··-~· - ' . - - ·----·-·· --·-·.--_' . - -- -· ·-:·.;;:~--~~.:? 
.. . 
• L ' • l 
- ·-- .. -- .. :,_ ........ · ... : . . . t 
o:r tl1e second design, except that the focus electrode was 
) 
; ' 
-· . ···-·-···-·---- ··--- ·- ----.--->- . ----~-----·------·· -- '' . . ' -
.... , .. ._ •• .__ ... -, ... ~,--;_..,,c .. ,c •• ·' ... __ •·:~·''---.. ·'··"·::~C:wi· t·h the , cathode ed'ge_,·. 
-" -·· .. ··---·-·· ----·· ·-.-- .. --
_: __ ---· ···-·-···--·--- -- ' - --·-·-····--···-·-- : ··- ' ··'.· .. 
- ... : ..... ·, 
.... 
---· ···-·--------------- -·-·-----~-- .•. __ ,. .•. 
R·esults .ror the third design are presented in Figures 
J' 
D 
12 and 13. 
,,. . n ,.,._ ... ., -7',·~., .. ., ...... ., . --· ·..-.- .. ''• 
.- .. , ....... , , ..•.. -.. . .. · :: - . . ...... . Cross overs are- not as serious as in the fi~st· 
·.,/ 
·two designs· and the convergence ratio is 4.9:l. The per- _ 
......... -~ · veance is computed to be 1.385 .x: 10-6 which agrees closely - -· 
. ·-··----:-- .. -~-·------------ ·------- ·--·---·-··---- ' -
. . . . . . 
with the value of 1.37~ x 10-6 for which the cathode 
geometry 1r1as calculated. The outer trajectory does cross ...... ·--···----·---·-,-·----·-- .. -';,.t .. : .... :., 
.to1i1ard the axis 9 but its slope is m~ch leas tha·n was 
· ..observed in the firs·t and second designs o 
· Three trajectories are shown superimposed on the 
·- . - ....... -- .... 
,; . . . ... · ....... -· 
·_.' ', .·;.~: 
' 
... •.,., . ..: ...... ., .. _,_ -.... · .. 
'1 > "' ., .;. ,, '· ,,.,_, .. ' 
, I 
·-- .... , ........ _·.. ' . ' 
·-
~ • ---- ... _,, _____ .• _ ' ........... .__ . ·- ···- -····-.-·- - ··7---~·~., -~ ·:"···· ---- . - -- . 
~ ' . . 
: "· ' 
........ ,., ,., . 
'., 
" 
.. 
.. ··1··· 
- 0 -. 
·:,, 
-r ., 
... _,,, .. 
-· 
-. 
·--··'·""-·'·"--··-~--. - - .... : .. 
-·----- -·-·- -- ·"'·:c·: .. " .. •-.••••·,•·-.--•-~-• 'r•••·•-••••rn•-7>"•••,•-.•--•-••--·--:-. --·· ... "' - - - .- ., ·_·:;~~:: .. ·. ·---~..,,--..• ~ ........ -~--,~~----"' __ ..,.. ···-····-·-··-··-··--·-· .,. .... ----- -· ·--.- ··- ·-·· ····.-·" • ..... -· '"''•""7·- .-~--
' 
. ' ., :· ··:··--------------------·--- - - --------------:-
t 
f 
1 -~ 
. () ~ -~·-ol 
~ . - - _,_- ____ _,';..~---------
-__ ______ - - - b 1 ·- --_-- · --_--_--:~---------:----------------------------
' 
~ l 
l 
0 
0 
! 
I 
I 
l 
l 
I 
f 
-------------
.• t .• 
7600a0 VOLTS V -
.. I = o 7972 , Ai''1PS 
-------· ---_----·--_ ----:·-----p---=-------1--0 203E ~06 PERVS 
'I., 
··.;· 
-----'----··------------,-~-~---,-~::-:--~---==-=--~---------------- ----- ------------------.--
I 
t 
-----~--- .~ 
/ 
• 
' . 
.~ 
- -
--~-- ----;--·--·· -r .. ·.· 
•· .• ~---,·· •. ·- .·-' .·' ,·-.-·· .. __ .,._ ••.. ···-·. ·--······ ___ : -- '-------~ ---'--'~·-.c..·. -
-- --~ ------~~ --,~~-
(f") L .;_...,,_......,...,...~ 
-~ "..::'.:.::.!""'-'Ml.-u'"-'~-· __.,,.....,.,,,,,.-:,,,_..,_,....,,, . ..;,c·.cna,e.~_..., __ :--r;.,...:,.,......u,,......,.-_,-,,;~,,...-•;., .... ,...""""'-"!""--":'"'"_,_~----·-•-...-.....•-•-----. 
~;__=c.,c~=:-=-:=================--=--=--=-=--=-=-=-=-=-= -----f--=c-f.=-=-=--=-=~======-=-'::">.:.c.L --- -· --:.~---:-------.. ==-.:.......:.::......__. ____________ ------. --------·------
· 1· -----·--
! 
; 
i 
---- -- -------------- -- __ : __ l 
- -_-__ , -· .. ::.· 
I 
I 
I 
f 
t 01 3+ t~ 
- ·-··· .. ,::::·.--.c'":': ·.- ,;s·c·-e. 
. ··"'·-·'-··-:-·-- --·--------- ----~ "-=--------------------- . 
' 
l l 
' I 
, r-----------
----- -
' - - - - ---.:_______ . 
- - ----• 
1 l -
i l' .==-t ,r--..M-. -..., __ - --~--
-
.. 
----·----------~-- -----------------------------------··------------ . -. 
! 
• • ~7=--- --· --------- - L""~ ,::,"------. < -::--:: .. -:-c :--;-~.- ._. --__ ....:...:..:.:..:C.:..,.,c .. __._,,.-.--J...;..:.... -- - ·•'"---- -·- ••-:,- :,,"T:'":'--.•-~·•'·-'· 
.:__--;-~.:.,;c,:::._• •• -., .. ,, •• •• -,~,1;". ,";" ... J •• -··-·---··"-·· -·~:C •. .::.• .• :".'C"'.":•: -~--:-~::=:-··:--·2-.--n .. ""--:C'.:::::::~~ 
·--·-····--- -------- ____ .. , .. __ ,. ___ ... _ 
- : ••. -~ ~>;.·_- _--:, ·.-
• 
-·---·-· ~ _...,.. .. ,.____________ ' ... ' 
- --.. -- ---·. - --· - ----·-· -·--- -- -.·-,------ -~----·------.------
' c· .·-. ·- . - - . -~-~ ·--···-· .· - ---~·--··-;-·" 
.,·;_,.:.... 
'.-~-·' 
•l 
---- ---
-- - -
----· 
-.......... 
--L---- - ----• ' -! -· "I . ' .. , ... ' --.. - -
,--C-,,~Cc,c.~----~ -- c.· L--
2 
--
-- _z,.. '"--'···-'------·--. -- . 
-g J., 0 ', _lr=M~#--~,--.. -.-f-.. -&-« 
" -, 
00 . l? 00 
• :: I 
... 
: i 
., 
0 Figure Electron 
-.;..·, 
.------'· 
·------·-------------·--- --. 
_, 
-· 
: : = ·:: + 
4a00 
trajectories 
t 1 
-
-
- -
,;: .. -: ::1: 
5o00 
1n the 
: 
-= 
- -
z -
- -· 
---
= 1·: 
6000 
-:: :: 
AXIS 
• 
00 
second gun design. 
10QOO 
• 
· ... ·· .. ,,-_,,;, 
, 
.(·· 
.. 
-- ·- -- - - ------. - -------·- ··-·-· ------- -------
-.--::.-.-:-:· ... --
N 
'° @ 
----.:, , .. 
-~.- ... 
• 
I 
0 
0 
Ci 
0 
·, 
·' 
0
e 00. 
" 
" 
I. 
----. ·. ·--------~----
• ioOO 
' - < ' 
•. 
2·.o QQ 
Figure Equipotentials in the 
. .., .. 
"· 
-
u 
ii 
. , 
, .. 
-..... ,, ..... ·- ' ·····- .... -"' ...... - - ·--····- -· ---- -·-··' ·-· "" --· -
·EQUIPO·· T-E--N··.,._InL··•---S·-··- ---
. _· . . . . . .. . .. . - - . . J ; .. n .. -... . .:.:::.;:, .. :,,:,:·.: ·-····-.. "-·------· 
....... 
,.----------------·----··--··-:--- :- ·-------· ----.. --,----------: 
- -···---- ·-····· . .
/ 
.' 
__ ._..,___:__· .. ·-· 
, . n •. -· :,-, • T-" ·r ....,. -, -... · , ., , .... ._ _,..-,·-.-=..>.-·•--=. -~, 
• 
.-' 
• 
" 
VALUES 
00050 
l!J 
-. 
.0200· 
e05QO 
9'1000 
,2000 
./3000 
--'-·-------_ · ·-4 000 
+ .5000 
)( 
.. 6000 
•. 7000 
.8000 
~- ~ ... _._? __ ~QOQ . 
. ---- ---- -,~·----~··u·:llso·cr··,= ' --
-~----;-:--~-----------------,------'---------------~~~~---~-- ----- ----------
second 
,,·,-••,•~ • • • - -~· "M" :. ;-::--~ ••»--•• 0 .• • .---·-··'·-- ·-· -, •• •• -- •••••• •• ·, ~- •• ·- __ _;, __ • •••O•• • •---' '••·-·· '- ----Y._. --- ---------'··'---••••'-• -· ·--- •• ,' •• • •• •., ... , • ••• • _,•_ - •-
, SSOQ 
----, ---·-----···--------•••-••-· __________________ ___; __________ L.......-.-._. __ , __ • __ ---···-----
6000 
Z--AXIS 
gun design. 
···.i,; 
?.00 8.00 
------·---·-~----.----------- --·--------- ·-. ··-·-·---------·--
10~00 ., 11~00 
I 
I 
I 
- . 
---- ---------1 
i 
i 
: .• • _._., ,.:,. _-, ' '' • '--'· •• -,, ,,,-_,,.· •••• , •. 1 .... , .......... ,. 
_ .. , _____ ·----- -!!!!I 
~''.t, 
... 
i) . ,, . • 1 • 
:r 
-~ 
Jl. 
I 
• l' 
I equipotential plot of Figure 13: 
I • • 
(l) the trajectory 
- •.•. -. -- ,---•· ••.• -.-- - --·-· .......... .,~---·•·---···--·~·-· •. ----·. , I 
· originating at t-;he edge of the cat;hode » ( 2) "c;he one tihich 
· · · .c.,,., '· · ··1s oute:t'mos~ at. the r.tlnimiim raa.:i.Us Posi tiori, . a~d .. < 3J one·. 
. ·- -.. . - . 
. 
-· ·····------···-- .. -·-- ····-·- ------·-····· . 
. o:ttigir1ating abo13:t halfujfty out from· the axis along the .. ·. -·"' .. -·. . ·---~ ·-- .- ... -·. . 
', .. 
. --- ·- ·- ·-·- ····-- -----.----·--·-·-·.·----. ---·--·----·-·--·. - ... 
cathode radius o .. This ·b~ird ·trajectory maintains its rela-
•• -- ''" •·· -• •-·-·-· ··--··•--···-·-•••• ·_.,w .. --• • --· ·•-·••• -•·-·•· 
i -·- .. - ... 
. 
. - . - - . - -.. - - -- - ...
. r ---
'. 
·---- ...... -... --------·- .. ·----· -~-~----. -----·--t-i-v-e~ --di_a.,.c-anc e--- ·-£-ron1:--the _: .. ax·is-~-halfwa~y--be:tt'ifeen .. -·the -.axis--------·------.. ·--.. -----~·- -___ - . - ___  
-® ·.· ... 
.. , ~---~·-··-······--- .- .. ~.- .... -. ·~--···---··.···-... -•. __ .,_. ·, ....... , ........ _ ... -............ , .. 
. --·' ..... ,_ ··-·· .. ·, ~-·.,~ ...... , ... -... -.,.,- -~,.,..-_ .. ~--·'--~"'- .- .. - .... ,, ---··. 
! 
\ , -: ... a,nd the .. beam edge--in the aeceierating region, but ceases 
( . . . . . . . . ' .. . ' . . . ' ' .. , ...................... , .... _ , ....... _.;~··. _.._,. '·.,.,;; '. 
·--,·· .. - . - - ' - - ........... -,···- ----··-----··· ----·- ·----··--·· -· --- -··- --- ·-··. ···-· -···· ---·· --
' . 
·- • 1 .... - ....... --·-· ···--·---·--. -··------ •• ····----·-----·--·---·· -------·· ---·· - - -· ---- ..... - • •.. ·-·- ........ ,. ----~ __________ ,.___ • •..•. -
I'-·- .,··-·---.. -------,--·.--- , .. to converge a11d·moves··parallel to ·the. µis· after-passing ... - .~.-----..,,,- .. ~--·--• .................. ···--r---:--· ·;; 
. - . . - . . -- .. ,. ~-- ' --·----··---------------------·-·--------- ----·-···------· ·-------·-·-------- ---·· . -----· - --··--·---·------- ---- - ----- - -- --- - ~------------- - -- - ---- ---
·· --- · ·· - · ---- .-- -. ----through the anode ai:>erture o In this region the outer 
.. 
electrons are still co11.verging, so -the current density 
.· ·.----·-·--·······--·----·-.. --.·--··----~-- . ·--··-··-··-- .. -· ---·-·· .. ·-·······--····· --· .. -
. . . - . -- . --- --·---------·- ------. 
near the edge of the beam is increasing. The resulting 
7 .·· ':~:::~,--.------~~--:--~~---~-,-,,us,~ ~·-o·trm·······,.:,,~-·"1·· ,---·,"'lA."t1f'"fl''a~--· d'i·-·~:k~JIIJ ·"1··1"'\'"f:1'~ 'Afl·"'~ ~·r· '"B'Zl\''A''*-·-4·-,..,n·  -. --- ... ~. O'"t'l'4'''1i"'i"O'~-· ·'n·· · ... , ... n-~"O'Z'i'fl"'''"'~---·-:--~·~--W-~:"~-~-~-·=--c,_ ............... , 
"- - -------- - - . - -- -- - .. - ---- ·-·' ' . - . --=.,,,.--i.J~'Q;.lt;t·:-7W·.&.·.L·.L:=-:.-l,.l;a,:-:v,.-'i,,;#.cc"''.C®""cc·J..Lv-..L..S..."V·ff---·-v-.1;.., .. v~~-----.---~,_~_\ii!'-~V-----."'V " "J"'=.,J.J.·~1.;-·¥,o-m-4.c-.li~.=·Q"".2".'.'..!w~-'"O'~-*"--~---·-------.. --... . . -····-··-
:·-.-.. ti · - -_· .. · - ~- ~--- ·_ - - - _::· -----~-~ . . ----------------·- .. ,, .. _________ ,, ____ ,,_ .- - ---· r ......... ------·--· ---·------ ·-'. --- -. -,- .r. - ' • .'. ... . 
:'J ···-'-·--·---·- ... euri~e-nt .. density near the edge than exists·near th~ .~_xi~·------ .. ----··· ·----~---·--·- .. ·--· .. -
, 1 
-.. ; . --- .-.. -· --- .' _-_-_- - .. -----·---------' .. -
! 
'-1 
· .. · 1 
· .. · ! 
,. j 
... t This happens even thc;>ugh emission from the c~thode may be 
~1·:--- ·- -------, .. ~-----~--~-"-" ., .. -,.,, ___ , __ , ---unitorni. .-, _ ••. _ •• -. -·--:;c. .----··- _ ------· .. ---. ---- _. ·-.--·-·-·-----~------ -,- _ --,-·-- ·---------- .. .,,.._,_.,._,...,~(,. ·~~ ~-- ,.-,,--·-·----.- ·-··~,,.,.,.,.,..,, ___ _,.., .... ,h .. ~--·-·-··-"''"--~---- M. .._, _ _,,.._., __ ,.~,.,•,_•••---~-,.,'., \, 
-~-,~-1. ..... - -·-- ·-···•· - --- ---·------ •·. --·· 
·.·,~· i..; . . 
'·1 
. 1 ' 
·r ., 
,:. I 
t:· 
-~ - ._ __ ------- •.. - -- -'--· - ·--- --
t.' 
. .(I .. ,-- - - ... C 
,. • , ... , •. - - ... .,.. .... .;..., .... :... .. r,.-,.-... _.,, ..... "'. 
.... I .. 
- - . ' -~ ··--· L_ ,.._ ,;- ,. 
The tendency for current to hconcentrate in the . outer 
.. ·- - . -·--. ---- - . ····--
edge of the beam may be due. either ·to space charge forces 
,. or to distortion of the .,equipotentia:Ls near· the anode 
aperture. The ·latter ,effect is· probably _the most signifi-
. cant, s-ince space eh~r-ige riepulsion should a.f:rect the outer 
. . 
electron most severely ( all other electrons are balanced 
I 
somewhat by the fact that they are surrounded by other 
' . 
charges) s, yet ... ,h.e oute14) electron still crosses tp.rougl,l th.(t __ · 
region of high charge density. 
i 
. ·-1. . . 
• .... • • _,' • !\~. --: ... V _, • ., •• • o•• •0 .. • ,o • ,.,,,_., ,.,..,• • • 
'· 
. . ,·· .. ' ........... -- ·- - -:·· ............ . ,•- ••-'•~•----- ..... ,.,-~:.,.,.--.... ·._ ...... ---~-.•-•-··...:·,~.: ... '..,-·•"'••·----····-···-••:.;.:, •.•• ,.-·•·-·•-·••,-.- • .,' ••. •' o-•>v•-••', ;,,••"-•·• ,,, 
. . ...... 
. . 
.. ··········-···-···---··----· .... - - --·------·---·-·"'·'"""'·••.--·- ... : __ _ 
" . 
,_ '' .. ·- --·-·-·.··--.----·····----- -···--·-· ··--···· 
. , ....... , ... , .. , .. ., ..... ,.- .. · ............ . 
- -· ······ ··----·· "·-«·- "·--· ··---·-·--·--=------- .... ··-- ---·-:-··-.-··-··--··-· .. ".' .. - ---·--- ·;·--·--'-----· .............. ··--~---·-·--··-·' -- : __ .- ·------··-·-- ···--·- . ' .. --·~--- ·-·----•-·· ""_ .... : ... , ....... · . 
~ . . .. ··,·--·--···· . .. . .. . ... ... . .. . .. -······· 
. t . . 
.•. ····--···· .. ,.. ···; - -·-"·•·.·-.,···--·· , ...... ,.. . .... _, "··-1···· .. , - . ·- -- ' 
--~--·--·-'"'" -·.-·······---" ......... · · ................ _ ....... - .... , ........ ·,.· ..... _.· ,' ... _-~ ·'.-
. ..., 
• I 
,·- .. ' .... , ..... "' .. ~, ····-··--~~·---·----, .. , ...... 
.. 
. .. • . ;. . . . 'D'. 
· · · · : · ·· - ·. ------~·, ·_ .. :~-,.·-.- -··.-·; ~.-·~.;_-:'~ .~:::'.,,~- (:::-.. ~_::\~t\.::~.::z:·)~):)~1Jr~~·f~·-;.j._}/:~_~\-:r~:~}i/-/:;-I?;'~:0~t.:)},i:,·i;,~·j;_~·.·_. · · ·· ·_ · · 
I 
0 
". 
0 
0 
>)' 
. _____ _ 
C 
--··-----.---
..... ' 
----·-
····--··--. -
. 
--· ----·,- --··· ~--··--·' --. ----
-- --.· 
---
I 
' 
. ~--
,. 
V -·-
I -
-
.. () __ = 
-~---1· 
-------·~ 
.J 
. 
-, 
760000 VOLTS 
0 9180 Ai,PS 
--l o-385E---06---PERVS. 
---·--- ·-·-- -- ... 
. ___ .. _________ :.. ... ..,... 
\ 
!'"· 
'. 
---·· 
·--· -- ----.---------· 
- -- -·-- 7--·-
.:-:.·,~·- .. -- ---,-··· C--
__ .. · 
- ··=-
l 
. _. ____ .: 
'"-···· 
' . 
.. 
-'-~------ •-- -.- ----
--·-s.,·.:-,----·-· 
' 
'i 
. '.i 
._. __ 
I 
I r -. -
I 
I 
i l1 . 
!:-.:.. .. 
· .. ·_·_··1···' o--------
o_·--
' ., ' . 
~-
0 
0 
' l,'J ., • 
. (II') 
. : 
1---- . - . ·-··--
' -- •_;::._"' . . . --· ---... -- - . -. ' .•.. 
I 
I I • 
0 
0 
i 
~ ,, ... <._.·• 
... 1 
,•: 
-O· 
\~, 
. -., ' .-
' 10 k . 
···-- ---· ------------
\ 
' 
,· 
_·, ...... 
--~ ~ __ f"'"_ ...D--iF~.;..:.... • ..d-..,_,____ km.,;.;._ ..................... ~=-;,.;......~~---=.Jl..,--==-6=-ill-----l.-==-~"~---~ .... ---~>-... ~ 
,d>oo 4 1.600·. . ·2o00 . . 
e ... 
. ., 
--- ____ u~_ -
•]. 
J. .. 
. --i -· 
.. 
' \ ? ,. - '··'" 
EQUIPOTENT I ALS. 
' 
ii 
4. I· 
-··~-.. VALUES • 
.. ·-·-··---·--'--~- ---------~----- ----------···· -----·----------------------------------- -·····-- --------. --------------------- ------· . -
l 
:. . ' .. -· - - . 
-~-· - ---···· .... -. 
' --·-------·- ·. ________ · ---···- ------A--
+ 
·---------------------------· ,;_ ________ - -· -----· ·---·~----------·- . ·, - ' -·---·- . --~----···---·-· ____ ., ______ ·--------·-- ---·--···· ------.---- ------·-. ·- .......... ---·-· ···-··- -·-
• 
X 
, ............ -,.__, ___ , ....... a·-· · ,.. ••--··· ·.- · · · ----·•·•••• _._: ,·-,~-- , .,...~,. •. :··:,>,· ·->·. ·· ·., .. "' --........ , . .c., ··. ,.,-·1.,-· _, ___ -"•"• · -~,,.,, ''-"-'·--·-·····' · ·-·· ··-· - ·, •·•··•-•·-· .. ,· ·~-,· ·-,.· · ·· - ---7- ,- •. - •••• ··'····-·····-·-- • • 
~0050 
-·--' ----- --·-·-------------.. ·--·---,---- --- --- ---- --- ----··- - --· 
e 02QQ "· 
00500 
a 1000 
~ 
e.2000 
;3000· 
04000 
05000 
.06000 
c. 7(t00 
I 
I 
~ 80.00 • > • • ·-" " • • ,,. • ••• .. , • • , , _ • • ,.. •• • • 
' 
' 
... ·_ ~~~-----=-=-· --- ..... ···-· -.. •,.· ....... ;c.~_: ___ ........ - -.. - .. ···----~---·:.- ~-~--=:=~~~=-::·:-~:---~~~-~~-=- ~-~--~ --~~---· ---~~-~~-~::~:-=--- __ ---~---·---~-::_1__ -··· _ .• m .. 9 d1)o··_ ~--~-- :-............ -.. ... :. · .. -.. -. ···---~·--· ::. :: ... ·.: ... :.:.·: .... :--···· ·-······--:-~=. 
-.--,-,--
·, 
-----,.·-,-------- --- .. - . -- ....... ' . ··------ .. ____ , __ . __ ---- ..... _.· ___ , __ .---=- _-., .... ----- ,, . - .:,._ .. . : '. : ... _. - - .- _ ..... -,~ ... -.--·_ ..... · .. -----~~--~----.. :------.... ""--~ .· - -~.~---·· 
' 
., ,, .. ·-
. . 
I 
.e95QQ 
.: + - -~ .9aoo· 
·" 
" <' 
.. 
I . .iA.__,.,..,__• -----~;--.. -------... -...,,_,At--•·•·-==""""""'.._ ____ ~_ -=·c.--- -e • • ..,. -~--..... ~--==-- --"'=='-~..- ----=---=-· ••=13""4"""'""· "'' "!'"".-re=,_.. _ _ _,,,.,._~ __ ,.._, ,,.·;..' .. ' ""tt 
5o00 6000 ?oOO 8000 9o00 10000 ll@QQ> 12m00 Zc=AXIS 
\ ·:-. 
',.f 
. ' ( 
. •, · .. ! ·:·. ," .... ·· ·cO 
Figure l)o. Equip©t~ntials in the· thi~d gun de~igno 
· ·- il.lustrate the effec·c · of field distortion in 
Thiree trajeetor-ies 
the anode aperture o 
V 
·-.-\i.).· • 
··, 
I \ 
' 
t 
,•,•" 
.. ' 
, 
' 
·' 
. , ..... ,..~.-._~-~-:··:--:-.':'.":'::..--:,-;,;".':'.~-~:..:.~:"~~~.·:·;~.'·:.~·-.-. -----~--·,.,_.- -· -- "'t".~- _,_-~; .... , .. -.·-·· -~--·- '.' ___ - ' __ ..... , .. 
•• ,.--.-- --~-------•-•••---·------••••--- p ---------------------,•--•• --•H-- o·--·------·"·-·•----~------------·----
·, ·.··_. . ----- ' 
~ 
. ___ .:.' 
I 
I )4. 
The affect of field distortion can be understood· 
. ••·•••••••-~-~--~N••?••••••>< .. ••--•·••· .-•••• "' '-•••• ·-·--•••• •• 
t 
· · .. ,. quali·tit·ti vely by realizing that-; as an electron crosses an 
.... ---- --·-··-·····----.········ - . .:..,-. • .. , .... ··-·- ·- . ;. 
' 
.. . 
•· ..... -...................... ,.- .. . 
--· ,. ____ ---·--- . 
"•,-
. . . - ., .. 
• 'j) 
' 
.... ------
·norma·l to the equipotentialo The equipot;entials shot;m in ... 
.. ·-. --··. ·-·····---. -···--·-----~----- ------· - --··· -- ... 
-
I •,:;·I.! Figure 13 shoi;r that the direct;ion of these rorces varies.~in 
---·-·--······· -··--------------- ------- ·····--
-· ....... --
' . . : . -- . -,. -- ' .... ·-
V 
. · - · .. · .......... ··-·:-----.------"·--a:- non· -·unif orn1 1naiu'1er across the beam rad·a.us.;~----·-1tt···-·t11e··--.50· 15e:r 
. - --· --- --···- .. l 
' ' .. ' . . - . . . 
. . 
- -· . ---· ··----·· ---·- ·-·---.-- __________ ... ·-· ···-·-----------··------- - --
- ----- ·-------- ----- - - ------- -
- -·-----·· .. -··-·---- -··· -- -----------·- . ···--·,··-·· - -··----- ----···- --·-----------·---------.. ---··-· -- ----- - --- -·· - . ---
axis and tnid-way above the axis receive no converging force . . tll .-
i 
·--·- ··---·····1 
- l 
explained in the following manner: The edge electron 
. "' I 
. · . . • . . . . .. .. . . . . . . . .· . . . .· . . . . . . . . . . . . . ... . . . . . ... . ·. . . ·. . . . .. . . . . . . , . . . . ... . . . . . ............ ·····-·-· ..... ··-··· ........................ , ................ ,c.,,•-·-·-""'"----"··~~")f"-·"··••·• ......... ~"•"•··"·""I ~--~--~~-~-----~~~:-~;~:~~~~~~~~~~=-~~~~~-~-~ 
I 
! 1 
l j . . . 
1- --------... -·--·-·----
) 
! 
:ii 1. 
/ · 
/ ~ l. 
I 
I 
f 
t 
I ( 
i 
I 
I . ! ' 
'·. 
' .. 
' 
show the greatest curvatur-e. Hence the edge electron re·-
oeive~.,. proportionately more converging force than any others, _ · 
.... 
·-· -- ·-·--·---
-- . ---·· 
- .......... ~~ ... ~--· ~-,--. ---- ---~---·-··------
so its trajecto17 crosses some of those near>e~ the aJC.is_. . .. . ·-· - . 
·- ··---------- ----- .---·-------.---' --· -- - ... --- - -
... ·Elect~ons closer to the. axis,. are .·subject to ·proportionate·lr·:_·-~~-~-=~:~-~·:··· · 
les·s converging force.· 
For the .fourth design,ei'fort .·was made to compensate 
'· for the field distort;io11. near .. ,he a.node, by: (1) increas1.ng 
-· ·-·-- ' ...... ···--- ... ----··· ··- ··-····-·-·--·--··-·-· -
" . 
the.cathode curvature and, (2). enlarging the .anode aperture. 
. . The focus electrod~ shape was not changed because it was 
apparent that eliminating the concentrating electrode re-
-•· duced crossovers o. 
' - \ . 
The technique of iI1creasiI1g cathode curvature from. the; __ :,.~--·----·-·· 
J 
]1 
' \ 
1: 
!' 
i 
l 
i 
i 
' ~ 
i 
\, 
-· '--- ·- ·- - .· .. ----~ - ,. - .. . ., ·. . - . ~ -··· -~~-~ .. ·• .. 
< 
' 
-- ' 
. . 
- , I 
. . ·, 
•·· .. -·--------- -. ·-··-··-----·------ ----- - --· --- ··--··· ................... ···-·- _ .. ~--····-·-· ····-··- ............... ----·-- -····' .. . 
···-- ............ -- ·.- ··-· 
··1· 
•· ·- ·----- - . - -· .. --- -, - .. -,-- - ' -- . ·: . -- - . 
:::~-' -'---·- ... :-._·_:•.- ;·-:- ----. :::: .. :.:·. -~ .. :·.:.:: :·. -.- ....... ·- . '. -:;- . . . ~. 
- ·- --··-· .. ·-···-· - ..... 
. . _ .. ,. ........ . 
' \ 
t 
I .• 
•"/ 
. . 
• · '-·~···•··•·-····- ·-.,~.-.-.-.......,,..~,-,._..... __ • _ ,.~.'<>•eS;"- ·,,, ••. ,~•--•·-v-·,_• ., •. -. , · ·-'~ "-"~0a-,,,.• -~ .... "--,-·· a ,---- • 
... ~----~- .. , _, ..,-...................... , ....... , 
---------:--- - - '""''''""''''"-"'-"'-"'-"'- ---~. ?II 
. 35. 
Pierce design value was proposed by'Frost·and Purl. 1 ·They 
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